Introduction
============

Inflammatory myofibroblastic tumor (IMT) is a rare disease of unknown etiology ([@b1-mco-0-0-1383]--[@b3-mco-0-0-1383]). This tumor was previously described as an inflammatory pseudotumor, inflammatory myofibroblastoma, lymphoplasmacytic histiocytoma and fibrous pseudotumor until 1994, when myofibroblastic tumor was established as a distinct low-grade malignancy by the World Health Organization ([@b1-mco-0-0-1383]--[@b3-mco-0-0-1383]). IMT is considered to be a neoplasm of intermediate biological potential, which may recur and metastasizes infrequently ([@b1-mco-0-0-1383]--[@b4-mco-0-0-1383]). Histologically, IMT is characterized by myofibroblastic spindle cells mixed with a hyalinized stroma and various degrees of inflammatory infiltrates ([@b1-mco-0-0-1383]--[@b3-mco-0-0-1383]). IMT occurs principally in children and young adults ([@b4-mco-0-0-1383]--[@b10-mco-0-0-1383]) and may affect any site in the body, although it is most commonly found in the lungs ([@b4-mco-0-0-1383]--[@b6-mco-0-0-1383]).

It is well established that total surgical excision is the most effective therapeutic option for surgically accessible IMT ([@b2-mco-0-0-1383]). However, the treatment options for relapsed and/or inoperable IMT are extremely limited due to the lack of reports regarding effective treatments. In particular, little evidence has been reported in the literature regarding the efficacy of chemotherapy for IMT ([@b7-mco-0-0-1383]--[@b14-mco-0-0-1383]). We encountered a case of inoperable IMT with pancreatic involvement following cholecystectomy for IMT originating from the gallblabber. The patient failed to respond to non-steroidal anti-inflammatory drugs (NSAIDs) and steroid therapy, but subsequently showed a good response to vinorelbine (VNB) and methotrexate (MTX) combination chemotherapy. We herein describe the clinical course and present a review of the literature on the effectiveness of chemotherapy for advanced and unresectable IMT.

Case report
===========

A 63-year-old woman with no significant past medical history was admitted to a local hospital with the complaint of abdominal fullness and pain. A tumor was detected in the gallbladder, and the patient underwent surgical resection. Distant metastasis or invasion into adjacent organs were not observed based on radiographic findings prior to the operation and intraoperative inspection. The pathological diagnosis was IMT ([Fig. 1](#f1-mco-0-0-1383){ref-type="fig"}). Thirteen months following resection, tumors in the pancreatic head and tail ([Fig. 2A](#f2-mco-0-0-1383){ref-type="fig"}) were identified on whole-body computed tomography (CT) during postoperative follow-up. The patient was subsequently referred to the Department of Comprehensive Cancer Therapy, Shinshu University School of Medicine (Matsumoto, Japan) for further examination. Positron emission tomography with ^18^F-fluorodeoxyglucose (FDG-PET) revealed abnormal uptake by both tumors. Endoscopic examination revealed a submucosal tumor in the duodenum ([Fig. 2B](#f2-mco-0-0-1383){ref-type="fig"}). Endoscopic ultrasound-guided fine-needle aspiration in the pancreatic head tumor was performed and the histological diagnosis was recurrence of IMT ([Fig. 3](#f3-mco-0-0-1383){ref-type="fig"}). The histological findings and molecular analysis of specimens collected from the pancreas and gallbladder revealed no pathological evidence of malignancy. In addition, there was no presence of anaplastic lymphoma kinase (ALK) protein by immunohistochemical staining or gene rearrangement by fluorescence *in situ* hybridization. Treatment with NSAIDs and methylprednisolone (500 mg/dayx3 day, intravenously) followed by 1 mg/kg of prednisolone for 1 month was continued, but the tumors were not reduced in size. Subsequently, treatment with methotrexate (MTX; 30 mg/m^2^ on day 1) plus vinorelbine (VNB; 20 mg/m^2^ on days 1 and 7) per 3 weeks chemotherapy was administered. The chemotherapy was continued without any severe toxicities. The dosage was repeated six times and partial response was achieved as determined by CT and endoscopic examination ([Fig. 2C and D](#f2-mco-0-0-1383){ref-type="fig"}).

Discussion
==========

We herein describe a case of abdominal IMT that developed in an elderly female and responded well to VNB and MTX chemotherapy. IMT is usually encountered in children and adolescents, mostly occurring between 2 and 16 years of age and mainly involving the lungs ([@b1-mco-0-0-1383]--[@b3-mco-0-0-1383]). Kovach *et al* ([@b4-mco-0-0-1383]) summarized 44 cases of IMT in their institutes and reported a mean age of 44 years, ranging from 9 to 88 years. In addition, the tumor location included several extrapulmonary lesions in addition to the lung ([@b4-mco-0-0-1383]). The patient reported herein had abdominal IMT and was aged 63 years. The association between age of onset and the involved location of IMT remains unclear. However, it has been suggested that recurrence was more common if the lesions were extrapulmonary ([@b4-mco-0-0-1383]).

Although our patient had an ALK-negative tumor, it has been demonstrated that \~50% of IMTs harbor ALK gene rearrangement ([@b2-mco-0-0-1383],[@b15-mco-0-0-1383]). Coffin *et al* ([@b2-mco-0-0-1383]) analyzed 59 IMTs and reported that ALK-negative IMTs had a more aggressive clinical course with a high risk of distant metastasis. In addition, the absence of ALK expression was associated with older age ([@b2-mco-0-0-1383]). Thus, clinical manifestations, including age, location and ALK negativity in the present case were consistent with those reported in the literature.

Surgical resection has been considered the preferred treatment for IMT, and may also be used to confirm this diagnosis ([@b2-mco-0-0-1383],[@b16-mco-0-0-1383]). However, IMT is considered to be a neoplasm of intermediate biological potential, which may recur and metastasize, although infrequently ([@b1-mco-0-0-1383]--[@b4-mco-0-0-1383]). In unresectable cases, radiotherapy and chemotherapy, including steroids and NSAIDs, were applied ([@b7-mco-0-0-1383]--[@b14-mco-0-0-1383],[@b17-mco-0-0-1383],[@b18-mco-0-0-1383]). Indeed, several clinical reports indicated the usefulness of steroids and NSAIDs ([@b11-mco-0-0-1383],[@b13-mco-0-0-1383],[@b17-mco-0-0-1383],[@b18-mco-0-0-1383]), although both failed to shrink the tumor in the present case. Various cytotoxic agents or regimens, including MTX, VNB, vincristine, cyclophosphamide, doxorubicin, 5-fluorouracil, cisplatin, carboplatin, paclitaxel, ifosfamide and etoposide, have been used. However, due to the rarity of IMT, the availability of data regarding the efficacy of cytotoxic chemotherapeutic agents is limited. Previously reported treatment regimens, consisting of cytotoxic chemotherapy alone or in combination with NSAIDs, that were found to be effective for IMT are summarized in [Table I](#tI-mco-0-0-1383){ref-type="table"}. However, none of the chemotherapeutic regimens had been evaluated in a case series. In addition, the majority of data were obtained from pediatric populations. Thus, there is still a lack of definitive clinical evidence, particularly for adults. As Favini *et al* ([@b10-mco-0-0-1383]) reported a case of IMT that responded to VNB plus MTX, this chemotherapy regimen was used in the present case. Chemotherapy was performed without any severe toxicities and the patient responded well. Although the efficacy of this chemotherapy was evaluated in aggressive fibromatosis in cases series ([@b19-mco-0-0-1383],[@b20-mco-0-0-1383]), our experience, including the case reported by Favini *et al* ([@b10-mco-0-0-1383]), may provide a treatment choice for patients with unresectable IMT. With regard to other optimal regimens, Kubo *et al* ([@b12-mco-0-0-1383]) described the case of an adult IMT patient (aged 26 years) who responded to carboplatin+paclitaxel chemotherapy. As this combination is the most commonly used chemotherapy regimen in various malignancies, carboplatin+paclitaxel may be an optimal choice for adult and inoperable IMT. An optimal agent or combination chemotherapy has not yet been determined for unresectable IMT. Further clinical experience and studies are required to determine the usefulness of chemotherapy for inoperable IMT.

In summary, our observations in the present case suggest that intermediate-dose chemotherapy using vinorelbine and methotrexate is a feasible therapeutic option in adult patients with unresectable IMT.

![(A) Abdominal computed tomography findings at initial presentation in the present case. A gallbladder tumor was detected prior to the operation. (B) Macroscopically, the resected tumor was a multinodular tan mass with a fleshy surface on cross-section. (C) The histological findings on hematoxylin and eosin staining showed proliferation of myofibroblastic spindle cells with lymphoplasmacytic inflammatory infiltrates. These findings were consistent with the diagnosis of inflammatory myofibroblastic tumor.](mco-07-04-0521-g00){#f1-mco-0-0-1383}

![(A) Abdominal computed tomography (CT) showed pancreatic head and tail tumors and (B) endoscopic examination revealed a submucosal tumor in the duodenum prior to chemotherapy. The (C) abdominal CT and (D) endoscopic findings after 6 cycles of chemotherapy revealed that the pancreatic tumors in the head and tail of the pancreas had shrunk following vinorelbine and methotrexate chemotherapy.](mco-07-04-0521-g01){#f2-mco-0-0-1383}

![(A and B) The histological findings of specimens collected from the pancreatic tumor revealed a relapsed inflammatory myofibroblastic tumor \[hematoxylin and eosin (H&E) staining\]. Immunohistochemical examination showed (C) positive staining for α-smooth muscle actin (SMA) and (D) negative staining for anaplastic lymphoma kinase (ALK).](mco-07-04-0521-g02){#f3-mco-0-0-1383}

###### 

Previous case reports successfully treated with cytotoxic chemotherapy.

  Case   Age, years   Location       Agent/regimen                                               Response   NSAIDs   Surgery   (Refs.)
  ------ ------------ -------------- ----------------------------------------------------------- ---------- -------- --------- -----------------------
  1        7          Abdomen        Vincristine+etoposide→cisplatin, adriamycin, methotrexate   PR         \+       \+        ([@b8-mco-0-0-1383])
  2      10           Abdomen        Methotrexate+vinblastine, adriamycin, ifosfamide            PR                  \+        ([@b9-mco-0-0-1383])
  3      12           Conjuctiva     Methotrexate+vinorelbine                                    PR                            ([@b10-mco-0-0-1383])
  4      14           Peritoneum     Cisplatin+methotrexate                                      CR         \+       \+        ([@b11-mco-0-0-1383])
  5      26           Mediastinum    Carboplatin+paclitaxel                                      CR                            ([@b12-mco-0-0-1383])
  6      64           Frontal bone   Methotrexate                                                PR         \+                 ([@b13-mco-0-0-1383])
  7      64           Abdomen        Doxorubicin+ifosfamide                                      PR                            ([@b14-mco-0-0-1383])

PR, partial response; CR, complete response; NSAIDs, non-steroidal anti-inflammatory drugs.
